This study evaluated the prevalence of metabolic syndrome and investigated its association with being overweight in Korean adolescents. Data were obtained from 1,393 students between 12 and 13 yr of age in a cross-sectional survey. We defined the metabolic syndrome using criteria analogous to the Third Report of the Adult Treatment Panel (ATP III) as having at least three of the following: fasting triglycerides ≥ ≥100 mg/dL; HDL <50 mg/dL; fasting glucose ≥ ≥110 mg/dL; waist circumference >75th percentile for age and gender; and systolic blood pressure >90th percentile for age, gender, and height. Weight status was assessed using the age-and gender-specific body mass index (BMI), and a BMI ≥ ≥85th percentile was classified as overweight. Of the adolescents, 5.5% met the criteria for the metabolic syndrome, and the prevalence increased with weight status; it was 1.6% for normal weight and 22.3% in overweight (p<0.001). In multivariate logistic regression analyses among adolescents, overweight status was independently associated with the metabolic syndrome (odds ratio, 17.7; 95% confidence interval, 10.0-31.2). Since childhood metabolic syndrome and obesity likely persist into adulthood, early identification helps target interventions to improve future cardiovascular health.
INTRODUCTION
The third National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP III) defines the metabolic syndrome as the presence of at least three of the following five risk factors in an individual: central or abdominal obesity, hypertriglyceridemia, hypertension, low HDL-cholesterol, and high fasting glucose levels. The metabolic syndrome is a major risk factor for cardiovascular disease and type 2 diabetes (1, 2) . Components of the metabolic syndrome are present in children and adolescents, as well as in adults (3) . However, the metabolic syndrome has not been well characterized in children or adolescents in terms of criteria, prevalence, or clinical implications, although studies have examined abnormalities caused by the metabolic syndrome (4, 5) .
The incidence of overweight children and adolescents has been increasing in Asia with urbanization and economic development (6) . Over the past 10 yr, the rate of overweight Korean children and adolescents aged 5-20 yr has doubled (7) . Obesity is associated with dyslipidemia (8), type 2 diabetes (9) , and long-term vascular complications (10, 11) .
The prevalence of the metabolic syndrome is high in obese children and adolescents, and increases with the degree of obesity. In a sample of adolescents in the United States who were included in the third National Health and Nutrition Examination Survey (NHANES III) conducted between 1988 and 1994, the prevalence of the metabolic syndrome was 6.8% among overweight adolescents and 28.7% among obese adolescents (5, 12) .
In Korea, the metabolic syndrome in adolescents has not been studied in the criteria for diagnosis, prevalence or risk factors. Therefore, this study examined the prevalence of metabolic syndrome based on the criteria proposed by de Ferranti et al. (13) , and investigated the association between being overweight and the metabolic syndrome in first-year middle school students in Korea.
MATERIALS AND METHODS

Study subjects
The Dong-gu District in Gwangju city is a well-defined geographic area that includes seven middle schools. The subjects were recruited from first-year students in these seven middle schools. All 1,393 students completed a questionnaire survey, underwent a physical examination and had blood drawn after fasting for at least 12 hr. This study did not ob-tained written informed consent from all parents and children before any testing procedures and was not approved by the institutional review board.
Questionnaire survey
The study subjects were evaluated using a self-administerd questionnaire to determine family medical history, current health status, self-reported experience about smoking, drinking and exercising regularly, and socioeconomic and demographic information.
Anthropometric measurement
Height and weight were measured using an automatic height-weight scale to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ). Overweight and obesity were determined using data form the 1998 Korean Association of Pediatrics growth charts for Koreans (14) . Those with a BMI <85th percentile were classified as normal weight; those with a BMI ≥85th percentile, but <95th percentile, were classified as overweight; those with a BMI ≥95th percentile were considered obese; and all those with a BMI ≥ 85th percentile were classified as overweight and obese (15) . Using a fiberglass tape measure, waist circumference was measured at the midpoint between the bottom of the rib cage and the top of the iliac crests.
Measuring metabolic risk factors
The components of the metabolic syndrome (blood pressure, fasting glucose, triglycerides, and HDL-cholesterol concentrations), as well as the total serum cholesterol concentration, were measured in all subjects.
Blood pressure was measured twice with a mercury sphygmomanometer while the subjects were seated after 10 min of rest, and the two measurements were averaged for analysis.
After a 12-hr overnight fast, blood samples were drawn from an antecubital vein in each subjects into vacutainer tubes. Fasting glucose concentration was measured using the glucose oxidase method, and total cholesterol and triglycerides levels were measured using enzymatic procedures with an autoanalyzer (model 747; Hitachi, Tokyo, Japan). The HDLcholesterol fraction was measured enzymatically after precipitating the lipoproteins containing apo-B with MnCl2.
Definition of the metabolic syndrome
The definition of the metabolic syndrome used in this study was that for adolescents proposed by de Ferranti et al. (13) , their cirteria were based closely on the ATP III, which uses waist circumference as a measure of central obesity; percentiles for age and gender were those most often associated with central obesity in children across genders and races (16) . Therefore, adolescents who had a waist circumference ≥70th percentile for age and gender from our sample population were classified as having central obesity. Systolic hypertension was defined as having blood pressure values ≥90th percentile for age, gender, and height (17) . Participants were classified as having hypertriglyceridemia if they had ≥100 mg/dL, low HDL if they had values <50 mg/dL, and elevated fasting glucose if they had serum glucose values ≥110 mg/dL (18) . Individuals with at least three of these abnormalities were defined as having the metabolic syndrome.
Statistical methods
The data are expressed as frequencies or as means with standard deviations. The prevalence of the metabolic syndrome was calculated overall and by gender. The methods used for analysis were the 2 -test and multivariate logistic regression analysis using the computer software SPSS version 12.0 software (SPSS Inc., Chicago, IL, U.S.A.). Statistical significance was established at p<0.05. The results of the logistic regression analysis are expressed as odds ratios with 95% confidence intervals.
RESULTS
The descriptive characteristics of the students separated by gender are presented in Table 1 , 2. The prevalence of family history of hypertension and diabetes were 20.6% and 22.2%, respectively. The mean (standard deviation) age of the students was 12.8 (0.4) yr, and various characteristics were similar to both genders.
The prevalence of individual components of the metabolic syndrome was 26.3% for high triglycerides, 14.8% for low HDL-cholesterol, 0.2% for impaired fasting glucose, 24.0% for abnormal waist circumference, and 9.2% for high blood pressure (Table 3) . Nearly half (49.7%) of students had at least one metabolic abnormality, and 5.5% had the metabolic syndrome. In boys and girls, the prevalence of metabolic syndrome was 6.1% and 5.0%, respectively; the differences was not statistically significant. Four abnormalities were found in seven students (0.5%), while no student met all five criteria (Table 4) .
Compared to normal-weight students, overweight students had a higher prevalence of the metabolic syndrome (1.6% vs. 22.3%), and the difference was statistically significant (p< 0.001) ( Table 5 ).
In the multivariate logistic regression, being overweight was independently associated with the metabolic syndrome after adjusting for gender, age, family history of hypertension and diabetes mellitus, regular exercise and amount of meals (odds ratio, 17.7; 95% confidence interval, 10.0-31.2) ( Table 6 ).
DISCUSSION
Although no universally accepted definition for the metabolic syndrome in adolescents has been formulated, the definition of Cook et al. (5) has been uesd most widely. However, this definition is based on the 1992 National Cholesterol Education Program guidelines; thus the definition had been devised before ATP III and wide recognition of the metabolic syndrome, using more restrictive cutoffs for lipids and abdominal circumference. Translating their definition to pediatric percentiles, HDL cholesterol levels of 40 mg/dL represents the 10th to 25th percentile in boys and 10th to 15th percentile in girls, which are below the adult 40th percentile. The higher triglyceride cutpoint of 110 mg/dL represents the 85th to 95th pediatric percentiles, also higher than the adult 75th to 85th percentiles. The abdominal circumference cutpoint of the 90th percentile is higher than the 75th percentile used in the definition by de Ferranti et al. (13) .
In addition to definition by Cook et al. (5), other definitions of pediatric metabolic syndrome have been used in various populations (5, 12, 18, 19) . In contrast to other criteria, the definition used here given by de Ferranti et al. (13) was based closely on the more inclusive ATP III adult criteria, considering the effects of age, gender, and puberty, and therefore, encompasses a larger population of adolescents.
Using a pediatric definition based closely on ATP III, we Table 6 . Association in multivariate analysis of weight status with metabolic syndrome in adolescents found that the prevalence of the metabolic syndrome in Korean adolescents aged 12 and 13 yr was 5.5%. The metabolic syndrome was most common in overweight adolescents, with a prevalence of 22.3%, compared to only 1.6% for normalweight adolescents. Moreover, nearly half of all students had at least one metabolic abnormality. The difference in the prevalence of the metabolic syndrome between overweight and normal-weight adolescents was remarkable and further underscores the importance of small losses of weight for potentially avoiding the development of the metabolic syndrome and related sequelae. Our finding is similar to other published results (5, 20) . The mechanisms underlying the development of the metabolic derangements that occur in the metabolic syndrome are not fully understood. The most widely accepted hypothesis involves a complex interaction between insulin resistance and obesity that is modified by social, environmental, and genetic factors (21, 22) . Pediatric researchers have found that they persist from childhood to adulthood, leading one to suspect that the metabolic syndrome also continues into adulthood (18) . In fact, childhood obesity predicts the development of the metabolic syndrome in adulthood (23) . The metabolic syndrome has an important immediate impact: adolescents with the metabolic syndrome have a lower exercise capacity than obese and normal-weight controls (24) . Obesity alone increases the risk of hypertension, cholecystitis, and slipped capital femoral epiphysis, and is associated with psychosocial symptoms in children (25) .
Several limitations of these data should be considered. Our study subjects were 12 or 13-yr old first-year middle school students from one district of a city. In addition, the blood pressure and waist circumference criteria were derived from percentiles of our subjects. Therefore, caution should be exercised when generalizing these data to other Korean adolescents.
In this study, the metabolic syndrome was found to exist almost entirely in overweight students. Our data suggest that the prevalence of the metabolic syndrome among adolescents will increase unless effective obesity prevention efforts are implemented for youths. Practitioners should be aware of the clustering of metabolic abnormalities in adolescents, and affected students should receive risk-reducing interventions. Understanding the prevalence of the metabolic syndrome among adolescents may foster interventions and research; further investigation might better illuminate its pathophysiology and relationship to cardiovascular disease.
